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BACKGR^^ 

^^^elates to a textile finishing process using aqueous 

c e„u,ose fibers and fabrics -<-'^ « ~ and different fibers, 
such as synthetic fibers, e.g. ^s.ersj ^ 

disadvantages. This inventron re.ates to < 

U sing aqueous formaldehyde, compositions and treated fabnos. 

nftscriDtion_g fJglatgdart 
protein fibers such as wool and silK . 
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These treatment processes include resin or polymer treatment of the 
;T p^ n s atcost^andunsatistactorv. Another process for treat.ng 

'"sz^ — — ,abrics ,s a dura r t:i 

piss which reiies on formaidehyde to prov.de durable cross ,inK,n 9 c, * 
process wn onrt 10 tne reby impart durable crease resistant and 

ceiiutose molecules and to thereby ^ ^ 

— d fabric, Cher 

The textile fabrics to be treated 

" flbe rs to torn cottonypolyes.er blends. T*e polyester f.bers 
I e a edTlpensate tor the loss in s,ren g ,h of fhe cotfon f.bers due to 
areaddeato Proble ms have been encountered with the 

pUesI particular,, a durable press process has 

HhvilS Patent Number 2,243,765. This patent describes a 
35 " eel Z with an a q ueous solution of formaldehyde 

process for treating conditions of 

====== 

.n carrying cellulose is always in a fully 

^otaiv«;t will vary w th one another, me urne 
of formaldehyde and acid catalyst w.ll vary 

•wiv, the temperature diminishes, wnen u ■» 

d esired. the product may be, sola y (q ^ 

::::::: ir-r:^ * we. - — . «* 
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water of imbibition, an increased resistance to creasing and a slight increase 

in affinity to some direct dyes. 

In recent years additional methods have been devised for treating 
ceilulosic fiber-containing products in order to impart durable crease 
retention, wrinkle resistance and smooth drying characteristics to these 
products. As discussed, formaldehyde has been cross linked with cellulose 
materials to produce these products. It is also known to treat cellulose 
materials with resins or precondensates of the urea-formaldehyde or 
substituted urea-formaldehyde type to produce a resin treated durable press 
product. As noted in U.S. patent Number 3,841 ,832, while formaldehyde has 
made a significant contribution to the cotton finishing art, the result has been 
far from perfect. For instance, in some cases the formaldehyde cross linking 
treatment has tended to lack reproducibility, since control of the 
formaldehyde cross-linking reaction has been difficult. As noted in United 
States patent 4, 396,390, lack of reproducibility is especially true on a 

commercial scale. 

Moreover, unacceptable loss of fabric strength has also been 
observed in many of the proposed aqueous formaldehyde treatment 
processes. When high curing temperatures were used with an acid or 
potential acid catalyst, excess reaction and degradation of the cotton often 
happened which considerably impaired its strength. On the other hand, 
when attempts were made to achieve reproducibility at temperatures of 
1 06' F or less, much longer reaction or finishing times were usually required, 
rendering the process relatively unattractive economically. A solution to this 
is set forth in United States Patent 4,108,598, the entire disclosure of wh.ch 
is herein incorporated by reference. Rayons, e.g. regenerated cellulose 
(both viscose and cuprammonium) are described in this patent as ceilulosic 
containing fibers as is known to the prior art. 
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„ tBS to a textile finishing process for treating a textile 
fabri c to impart or enhanoe f , hefabric and preferably 

curable press properties are parted ^ M , 

fabric , strength during the finisntng p ooess^ ^ ^ ^ ^ ^ 

reduction in fabric shrinkage a d o^ ^ ^ ^ ^ 

or enhance a t leas, -^Si"^ solution to provide a we, 
«* in,o an apueous forma dehy ^ ^ ^ „ 

pick up of an effective amoun o, me _ reactjon between 

fabric an effective amount of a cataiy tempe ra,ure 

of at least abou.300-F.o react the fonmaldeh ^ - 

enhance the property of the fabnc before there 
forma.dehyde from the exposed «c ^ ^ fcy 

T^e aqueous solut.on may be 3PP deawet pic Kup of an 

reducing the fabric into an acueou so^on to ^ ^ 

.active of—de 
solution compnses n effect, ^ reactjon fcetween 

generating matenal and a cat V rf ^ aqueous 

formaldehyde and the fabnc. After m 

solution, which may be at ambien em ^ 

^° Sed,0atemPera ^;r n ra, east one property of the fabric before 
with the fabric to impart or enhance 
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g ooddurab,epresspr=per,e ac^ press ,wnnK,e-,ree 
strength retention and consent results by ^ 
proce ss for cel.ulos.c imparl J inWe resistance 

— "* ^T ni " " e eduln 9 ioss in both .ensile 
t0 the ce.lu.osic f,be«on.a,n fof use in me process, 
and tear strength. Silicone elastomers are prefe 
^ process is particular, et.ect.ve on 100% co « „ fa - 

enhance the property of the fabric. 

, n another aspect of me invention, .he 9 (abric 

fabr ,o with formaldehyde , enhance at ^Z^™ — 
emprises treatin, a fabric conta,n,n « ^ ^ ^ 

cellulosic or protein fibers. 

remove excess formaldehyde from the fabric by wash.ng the 



, formaldehyde removing agent which may be 
wit h an agueous solution c, a , incluoing 

an organic acid. Since me ns ^ of , he 

formaldehyde wil! vary wifh me, ab nj ^ ^.^oa 

we process also includes me u e ^ ^ ^ Qf (he 
incre ase me streng* of the fabric. The treate 

inVenU ° a n e =t of me invention, stab.e chemical compositions 

ln ye , a further aspect of ^ solution5 for use 
orc omposi,esmaybeused.oprepare«heag 

in me processes of me invention. ^ , ngredients , 

Tne chemical compositions, including w ^ ^ ^ ^ 

whi ch are applied to .he fabric in me pro=e ^ ^ ^ 

" l0 " 9 35 me 'T"! 1 tevel o, treatment in the fabric. 
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which may be treated by the 

Cellulosic retaining fabncs , «h ^ ^ ^ ^ ^ 

pr0 cess o, the present invention ,n^ w is , 

p.ends. There is a constant consume d ma ^ ^ ^ 

. more wrinK-e-free product and js . gfeat demand for a 

fabric, or preferably, a ,00* having good tensUe and fear 

^e-free fabric made entirely of »« *n ^ ^ ^ panls 

length. 1 00% cotton fabrics are ava « ^ me ^osic 
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, ■„ tea r and lentil, strength and the treated fabric becomes weaker. 
me ,oss ,n tear and U n commercia „ y viable product. 

" may b ;:r r - *— . — » - — — ; 

rt i obtain an acceptable wrinkle resistance in the treated fabric, the 
increased to obta.n an accep unacceptable levels. Polyester 

flbe rs are mos, often b ' e " ^ ^poiyester blend 

.nsfrengthoHhetreatedcot, n.ofon. ^ 

,3briCS P ° ,yeSt ? p :::rr b er tier synthetic nbers in the blend, 
of the presence of polyester no „„ h „. do not have the comfort or 

th ese b,ended fabrics are sufficiently stron but do ne<h ^ 

of the poor P- eSS ; S (h P e treatment o{ lighte r weight or shirting we.gh, 

goal of the process ^ ^ ^ pr65S proce 

A preferred aspect oi fabrjc Dy 

for treating codon ^^^^^^^ 

«-^72Sr« — ~ " 

a catalyst capable of cataiyz.ng elas tomer, preferably a 

f orma,dehyde and cellulose in 
silicone elastomer, heat curing the treated cell 
, preferably having a ^ = 

conditions at which formaldehyde reacts w,th * (ne 
of a catalyst and without fhe substanda, ^J^Z resistance o, 

the fabric while reducing the loss ,n both tensile 




preferable mat .he cellulose conta.ning fabric is in the fully swollen state. 

T,e elastomer may be applied to the fabric with the aqueous 
f orm a,dehyde and cataiys. solution. This al.cws the simultaneous application 
C al, c, the treats chemicais tc the fabric in one treaty scUUo . 

, However the necessary chem.ca.s, including water and opt.onaHngred, nts. 

' ^rbeappiiedtomefabhcse.uentoiiyanynirneduhngmeprocasssoiong 

» he se uence does no, prevent the desired ieve, o, treatment ,n ,he fabric. 
STJL-r is usuaity obtained as a commerciaiiy available emu s,oa 
Specific eiastomeric containing compositions which may be used ,n the 
0 ^soffheinventionindudethosewhiohd^oafttmhavingeiastomen 

determine easterners which are usefu, in the process. ., » also 
a d anlgeous if the eiastomer seiected resuits in a treated fabnc which 
, , hvdrophL Fabrics which are hydrophilic. that is, do not repe, water are 
Ja Lrecomfortabietothewearer. A hydrophilic (wetable with water) 
ab ress ftber containing fabric in accordance with this — a 
formaldehyde crosslinks and elastomer grafts. The fabnc preferably has 
« elastomer grafts and the fabric is preferably cellulosic conta.n.ng 

preferred. Any silicone elastomer may be used in the present invenf oa 
S one elastomers are Known materials. Silicone elastomers ha 
'lone made of silicon and oxygen with organic substi.uents attached to 
25 silicon atoms comprising n repeating units of the genera, formula: 
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R 1 

I 

-Si-O- 



L n 

« and R- may be me same or different and includes for 
The groups R and R may propyl , phenyl or any of these 

example, tower alKyl. such as memyl, e^ " ^ ^ ^ , n 
grou ps substituted by hydroxy grou . ™r ^ ^ 

otn erwords, reactive groups to e, d, s ^ ^ ^ 

^ " "1 1;;*— processes which may include 
present invention are made by cenv fomedbyh ydrolys,s 
- condensation of hydroxy, be prepare d by a direct 
of organosilicon haltdes. ™ ereqU ' r nardreagent . Alternate methods 

™^°»*°'^*^°n <* <" reaCti0 " Pr0dUdS bY 
as ethyiene or acetylene^ ' |ymerize d by carefuity oontroiled 

distillation, organosilicon haltdes may b P y .^.^ 
hy dro,ysis to provide the = P^ «- of (he 

For example, elastomers may ^ molecular 

puri f,ed tertramer ^^J^JLu^ — «*« 
weight being con.roiled by 9 r a wide range by replacing 

i ^* ,rt Trr^.-«^ ,wp,,ni * 

som e methy, groups ^ ; fcy ^ skil|ed artisa n. 

compounding with fillers as wu 

, . lha cresen , invention are high molecular 
Siiieone elastomers used ,n the pre en ^ 

link ed together in a linear chatn. 11165 metnyl grc , ? c in the 

type catalyst which causes a. ink,ng beh.=- - 
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The presence of cross linking greatly improves 
form of methylene br.dges. p d flber by producing 

the durability of the silicone e.astomer on 



larger molecules. 
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D of reactive si.icone po.ymers are the hydroph,,c 
mother group of reao ^ ^ ^ . 

organosilicone lerpolymers wh.cn , a , kyle ne groups 

p ,ura,i.y - reactive W entire disclosure of which is 

as Ascribed in U. 8. P-«* No. e|as , omers ^ m ay Pe 

.erein incorporated by referer ^ ^ ^ ^ ^ 

u5 ed in the process of the presen Na 4,33! ,797, the entire 

silyiated polyethers described m U L_ ^ Also jncot pora.ed 

diS closure of which is here.n ,n~rporate y 

^ — iS,hSdiS trrbe o"d in the process o, the present 
siiylated polyethers wh.ch may 

invention. rpac tive silicone elastomer, which is 

one where reactive groups capable of rea*,n9 ^ ^ 

add ed ,0 .he linear dimethy, as wWl mosl protein fibers, 

1 rrirtvInapproachingtheiifeofthesuPstrate. 

h^h aive off reaction products 
JhKtttn siiiccne eiastomers w .^^^ 

, 5 reactive siiicone eiastomer, but th,s ,s «^«" e , astomers , fro m 

eiastomers cannot be used in .he process. 0 ^ ^ ^ ^ 

strength as shown in Tables 
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polymers have been found to increase strength whereas simple emulsified 
silicone oils (or lubricants) do not give increases in tensile strength. 

The aqueous system containing formaldehyde, an acid catalyst, 
elastomer and a wetting agent, may be padded on the fabric to be treated 
preferably, from the same bath, to insure a moisture content of more than 
20% by weight on the fabric. However, the various treatment chemicals may 
be added sequentially at various treating stations during the process. These 
may be arranged so that the process is a continuous process. The fabric is 
then cured by exposing it to a high temperature. The padding technique is 
conventional to the art and generally comprises running the fabric through 
the aqueous solution which is then passed through squeezing rollers to 
provide a wet pick-up of from about 50 to 100% or more, generally, about 
66%. The concentration of the reactants in the aqueous solution(s) and 
the dwell time of the fabric in the treating solution may be adjusted to provide 
the desired amount of reactants on the weight of the fabric (OWF). 

In a preferred aspect of the invention, the fabric is pre-moistened 
before it is run through the chemical treatment bath containing the 
formaldehyde and catalyst(s). Premoistening may be with water alone or an 
aqueous solution containing a wetting agent. Conventional wetting agents 
well known to one of ordinary skill in the art of durable press treating cotton 
containing fabrics with formaldehyde may be employed in the solution, 
generally in amounts of 0. 1 % (0. 1 % solids OWF) based on the weight of the 
solution This results in an insignificant amount of wetting agent applied to 
the fabric, based on the weight of the fabric. This wetting agent insures that 
the treating solution will find its way into the fibers so that the entire fiber is 
treated with the treatment solution, and not just the outside of the fiber. (This 
would lead to a very poor treatment). Any wetting agent can be used which 
does not adversely effect the process. Non-ionic wetting agents are 
preferred since ic~c agents can cause brer!: drv/n cf the treating solution, 
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hPnce the wetting agent should be 

cereWy chosen, and tested 

one of ordinal skill m .he -t ^ fce ma By 

THe pretreatment * ^ ^ (hrough roller5 t0 

running ,ha fabric through Qf ,ow we. pick-up 

remove excess moisture or y ^ me amoun , of 

equipment, i.e.. vacuum ^ ^ of thetreatme nt chemicats in a 
moisture in me fabric pnoromapp ^ ^ me ^ 

separate bath. It is esse* al to know rf me 

reaching the treatment bath sot ^ ^ w lnsyre mat 

applied in ma treatment bath ca b pfjor ^ , o „. 

^e correct amounts of reactant are ^ ^ ^ e 

high curing ^^°^ p , or t0 the application of the treatment 

The above procedure, ^ .s ^own ^ ^ ^ ^ 

- — "» ^^oCabl Shrinkage was considerably better 
chemicals were applied to dry fabr, 

— — * * ^rZZ — m, one thing is know, for sure. 
Regardless of the reaction m been pre - 

we, whereas ondryfabnothe^n 9 Rhasb ^ founa 
ere thoroughly saturated and swollen padde dwith aqueous 

arnica, treafment ^ me for ^p.ete saturation before 

wetting agent were applied first, g.v g ^ a ^ step 

sequential process for appucau 
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„h h» anv theory if one were to visualize 
While not wishing to be bound by any tneory. 

of heavily wetted areas, next to areas that are 
afabr iowhere.herearespo, ot eav y ^ ^ 

shou ,d. as tha applica,dn me ^ „ tion „ 

nothing, or less solutron. Treatmen esschemicalsa ra 

Nowvisuatizeafabnothathasbaenw 
chemicals are applied and whrch ,s the , sudden y PP ^ 
— having twice the «^^*^ £ M soiution 

*~°» MeM TZS^ fabrio, no, onty is a norma, 
ls di ,u,ed two to one w ^icals can move eve^where in and on 

^ . ^Krir that is fabric with an ambient 
"- 0tedtha, ^ n,real 'Tr— wasused.forreasons 

outlined above. (The pre wet out ^ 
c ,ear is tha, in applying the aoueous — *V £ I no, so obvious. 

„ ca,alys, concentration ntns «, -wn ^ , f ^ ^ Qf 

the forma.dehyde curve pre rsely ev ^ ^ ^ ^ ^ 

the catalys, concentrate used ,n we, on w 

the we , on dry treatments, there ^ ^Zco^o^ 
present to give a good reaction or good treatment. 
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. Qn ail the pr ev,ous work done on application of aqueous mixtures 
is based on ail the previ appropriate catalyst 

» . Hrv fabric By consulting prev.ous data, the approp 
to a dry fabric, oy strengths, though a b.t 

====== 

simultaneously witn m . „,,„ some samples where urea was 

combination with an oplional ingredient. In some samp 

wer e treated without urea in a * "7 ureaonth e weigh. 

zzzzszzzzz » 

^ot >c Prided to the treatment bath, as nuieu 

bef ° reanyWett ' n9 i; e :l:n hepremoistenin 9 s,ep. Surprising^ 

wetting agentmay also be added t P ^ 

use of urea left the fabric treated stronger by at leas 30 

we „ as tear slrength. This effect of urea ^^J^^ 

aoueous system of me presen. invention, as ,. does no 

length with other formaldehyde cross linKing pro* s 

' , a very slight ^^^1* « pointdrop in 
simple matter lo increase the treatmem to 

DP and still realize the 30% strength increase^ ^ 

Wbile it is preferred to use urea, ea den a 
compatible with the aqueous system may also be 
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a mounts which mey be reedily de.em.ne by one skill in me art based on he 
a moun. of urea added to .he system. These derivatives include substttuted 
ureas where one or more organ.c groups are subs.i.u.ed for one or more of 
the urea hydrogen a.oms. Such organic groups inoiude ,ower alky,. ,e., 

. me,hyl. e.hyi. propyi, provided .ha.the urea derivatives' wa.er so,ub„i,y ^ 
aqueous sys.em is no. adversely effected. Simiiariy, thiourea and ,.s water 
soluble derivatives may also be used. 

K has b een further found that a stable composition is obtained when 
the urea is added to the aqueous emulsion of the silicone elastomer ,n a 

o concentratetofornnacomposite wrticrt can be stored for long periods o time 
a nd then diluted atthe time of use. This avoids the separate addition of urea 
at the time of addition of formaldehyde to form the treat.ng bath o 
applica.ion to the fabric to be treeted. For example, me formaldehyde, the 
composite and water could be added to the ped bath in .he proper ra„o for 

, 5 treating the fabric. This approach lends itself to pumping from a storage 
drum, with a good pumping system .0 maintain the proper rahon, end bus 
eliminete the requirement for meking up a tank of the treattng so.ut.on. 

the combination of elastomer, urea and formaldehyde or catalysts are no. 
20 sufficiently stable for prolong storage. 

The treatment .eve, is largely dictated by the amount of formaldehyde 
used in .he .rea.ing solution, bu. also by .he amoun, of catalyst employed 
Catalyst should be used in a ratio with the formaldehyde, e.g., more 

25 me Cher components, such as the wetting agent and other conventual 
optional ingredients have no affect on the level of treatment. 

Theleve.of.rea.men.selec.ed,sdic.a,edbythefabnc, somefabnos 

canwi.hs.and high level of treatment, others cannot. Thefollowing are rules 
of thumb, bu. experimental .rials should show wrtat treatments can be used. 
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It is possible to use unexpected high temperatures which allow the 
cross linking reaction to take place before the loss of formaldehyde is great 
enough to affect the process and provide inadequate treatment. In 
accordance with this aspect of the invention, the padded fabric may be 
5 immediately plunged into a heating chamber at from about 300 to about 
325°F. This is an important commercial aspect of the invention as it enables 
continuous processing on a commercial scale at speeds of 1 5 -200 yards per 
minute depending upon type of fabric and fibers. It must be appreciated, that 
this process is designed for commercial applications which are demanding 

1 o in that the process must be commercially viable. 

This may also be accomplished by curing at a low temperature with 
an active catalyst and/or the presence of the elastomer. It is also possible 
to use any combination of techniques which prevent the substantial loss of 
formaldehyde during the curing. For example, a low temperature may be 

-] 5 used in combination with an aqueous formaldehyde solution. It would also 
be possible to use a pressurized system wherein the pressure is greater than 
atmospheric, thereby preventing the substantial loss of formaldehyde before 
the formaldehyde crosslinks with the cellulosic fiber-containing fabric being 
treated. 

20 In addition, when the process of the present invention is applied to 

cotton containing fabrics, including 100% cotton fabrics, it uses less 
formaldehyde than other known processes. Shirting fabrics treated in 
accordance with the process of the present invention contain approximately 
6000 ppm after treatment before steaming on a shirting fabric as compared 

25 to 7000 ppm + by another cross linking process on a similar shirting fabric. 
Tests have shown that continuously running steaming chambers to which the 
treated fabric is exposed should effectively remove residual formaldehyde to 
concentrations as low as 200 ppm. This is also an important aspect of the 
present invention in view of consumers concern about the presence of 
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formaldehydeinmeirpurchasedgarmen.s. It is also possible to wash fabrics 
either continuously or in batch washers. Both approaches remove essential- 

ly all of the formaldehyde. 

It is known to add to the fabric a polymeric resinous additive that is 
capable of forming soft film. For example, such additives may be a latex or 
fine aqueous dispersion of polyethylene, various alkyl acrylate polymers, 
acrylonitrile-butadiene copolymers, deacetylafed ethylene-vinyl acetate 
copolymers, polyurethanes and the like. Such additives are well known to 
the ah and are generally commercially available in concentrated aqueous 
latex form Such a latex is diluted to provide about 1 to 3% polymer solids 
in the aqueous ca.alys«on,aining padding bath before the fabric is treated 
therewith. One known sonener which was virtually the softener of choice ,n 
me durable press process using resin treatment or formaldehyde cross 
linking was high density polyethylene, Mykon HD. It has been unexpectedly 
discovered that the substitution of a silicone elastomer for high density 
polyethylene significantly reduces the loss in tear strength of me treated 
fabric after washing as well as providing better control of .he process as may 
be seen from the examples. The importance of good control of the process 
is essentia, to a commercially viable process to provide a consistent product 
from run to nan which is not adversely affected by variations in atmosphenc 

pressure, humidity and the like. 

As the cellulosic fiber-containing fabric which may be treated by the 
present process there can be employed various natural cellulosic fibers and 
mixtures thereof, such as cotton and jute, Otherfibers which may be used 
in blends with one or more of the above-mentioned cellulosic fibers are, for 
example, polyamides (e.g., nylons), polyesters, acrylics (e.g., polyacrylo- 
nitrne), polyoleftns, and any fiber stable at the reaction temperature. Such 
blends preferably include at leas, 35 to 40% by weight, and most preferably 
a, leas. 50 to 60% by weigh,, of cotton or natural cellulose fibers. Rayon and 
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si , ic onee.astomermu tbe re e n ^ wilh me 

C tensiie and .ear 5 «« ^ process ^ may 

treatment of the same fabnc ,n a pnor formula tion and 

inc ,ude the use ef softeners sueh as M y on HO. ™ > 
pro cess of me presen. tnventton maj, ad s*d - ^ 

, andmecatatystooncentrattonmaybetncr a «n P ^ 
menme concentrate " - ^^^^ used in me 

process. Th.s lends itself inthetrea tmentof different fabrics, which 

variousfabricsandauo^an— 
5 isan emeradvan.a S eofthe P ro^sso p ^ ^ ^ 

::rnr— e s PO , - — — 
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used in .he process of the present invention completely overcomes these 

Pr0b ' e Blended fabrics to be treated in accordance with the present invention 
are immersed in a solution to provide a pic* up or on the weight of fabric 
(OWF) of abou, 3 % formaldehyde, 1 % of catalyst, 1% of the s.hcone 
elastomer. TOs may be done sequentially or by one solution. This requtres 
a pickup of about 66% by weigh, of the aqueous formulation to ach.eve the 
above s.atedperc.ntageofreactan.son.hefabhcwhanonesimultaneous^. 

However,wt l entrea.ing100%cotton.abnc^emica, concentrations mus.be 
ceased so that 5% formaldehyde OWF, abou, 2% catalys, and about 2 . 
easterner padded onto the fabric. This is contrary to the poor an attempts 
t0 trea , 1 00% cotton where the concentration of reactan.s were decreased 
because of the loss of strength due to the treatment process. The cunng 

plunged into a oven or heating chamber at 300'F. 

The formaldehyde concentration may be varied as would be 
appreciated by one of ordinary skill in the art depending on the fabnc* be 
Tated The process includes the use of formaldehyde ,n the form an 
" ous solution having a concentration of 0.5% to t0%. by wetgh. for 
clncontainingfabrics. The prefened formaldehyde concentrabon on the 
tabric is from 1 .5% to 7% based on the weigh, o, the co«on con,a,n,ng fabnc. 

Rayon r,ber-con.aining fabrics may be treated with an aqueous 
mixture containing a high concentration of formaldehyde, and a cata^s 
capable of catalyzing .he cross Unking reaction between formaldehyde nd 
J rayon wherein .he concentration of the formaldehyde ,s sumcent ,o 
pro Ladurablepressfabric. and hea, curing. he. reatedfabhcto produce 
uralpressrayonfabriowhichdoesnotshrihK substantially on aqueou 
washing. Ls process may also include an effective amount of an elastomer 
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and particularly a silicone elastomer in the aqueous mixture and heat curing 
the treated rayon flber^ontaining fabric under conditions at which 
formaldehyde reacts with the rayon in the presence of the catalyst and 
elastomer, without a substantial loss of formaldehyde before the reaction of 
5 the formaldehyde with the rayon, to improve the wrinkle resistance of the 
fabric while reducing loss in tear and tensile strength. The curing 
temperature may be about 350° F. In fact, the padded fabric may be 
plunged into a oven or heating chamber at 350° F. 

The formaldehyde concentration may be varied as would be 
1 o appreciated by one of ordinary skill in the art. The process includes the use 
of formaldehyde in the form of an aqueous solution having a concentration 
of about 1 4% to 20%, by weight for the treatment of rayon containing fabrics. 
The preferred formaldehyde concentration on the rayon fabric is from 15% 
to 1 8% based on the weight of the fabric (OWF). 
15 The removal of formaldehyde from the treated fabric is a further 

aspect of this invention which comprises the use of a subsequent chemical 
treating or washing step. This is advantageous for commercial processing 
at the mill. It has been found that treating the finished fabric after curing with 
a solution of formaldehyde removing agent sucrt as an organic acid, such as 
20 oxalic acid, formic acid or the like; will result in a fabric with acceptable 
formaldehyde levels. The concentration of the acid in the aqueous treating 
solution can be determined by routine experimentation and will obviously be 
dependent on the concentration of formaldehyde used in the process. 
Concentrations of the acid may vary from about 0.5 wt.% to about 3 wt.% in 

25 the treating solution. 

Higher formaldehyde concentrations are also required for the 
treatment of protein fibers such as silk or wool. As previous noted, silicone 
elastomers react with protein fibers. Foryears, formaldehyde has been used 
on wool, but not for producing durable press properties. If the wool fiber is 
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treated with 4.0% formaldehyde on the weight of the goods as recommended 
in the literature, the natural woo. crosslinks are reinforced thus rendering the 
wool more resistant to alkali degradation. There is also an allegation that 
wool exhibits reduced shrinkage. 

However, if wool is treated with extremely high concentration of 
formaldehyde in the process of the present invention, and with a catalyst, 
preferably an active catalyst, a considerable amount of durable press (DP) 
is imparted to the woolen fabric treated by the process of the present 
invention The mechanical shrinkage common to wool, where the oppos.ng 
surface scales interlock, allowing the fiber to move only in one direct.on, 
hinders the durable press (DP) properties in wool. Formaldehyde cross 
linking of the woo. fiber is not strong enough to overcome mechan.ca. 
shrinkage, which is brought about by heat, water and detergent which open 
the scales. It has been have found that woo. fabrics which have been shrink 
proofed (chlorination, treatment with potassium permanganate, or hydrogen 
peroxide) prior to treatment with formaldehyde exhibit remarkably good DP 
after water washing in a home washing machine at 140° F. 

Formaldehyde concentrations, much higher than cited in the literature, 
are similar to those used in treating rayon, e.g. 16% formaldehyde on the 
weight of the fabric, and 4.5% Catalyst LF. The normal softeners are 
employed. 

These treatments are effective on non shrink-proofed wool , but are net 
good for more than one or two washings, where felting shrinkage 
(mechanical) begins to occur. As the felting shrinkage increases, the DP ,s 
lost. 

Silk chemically similar to wool, but physically quite different also 
undergoes some stabilization, but in a very subtle way. Comparison to the 
untreated control show a smoother fresher appearance, and less fine 
wrinkling, the same concentrations as used on wool are recommended. 
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-mere is a strong retention of the shine or glitter of the silk fibers, after 
washing, when silk was treated by the process of the invention. 

The catalyst used in the process includes fluorosilicic acid for mild 
reactions and is applicable to blend fabrics. On heavyweight, all-cotton 
5 fabrics, or shirting fabrics, a catalyst such as magnesium chloride spiked with 
citric acid can be used, which is a commercially available catalyst Freecat 
No. 9, as is a similar catalyst which contains aluminum/magnesium chloride. 
A group of catalysts which may be used in the present invention include 
those described in U. S. Patent No. 3,960,482, the entire disclosure of which 

1 o is herein incorporated by reference. These catalysts include acid catalysts 
including acid salts such as ammonium, magnesium, zinc, aluminum and 
alkaline earth metal chlorides, nitrates, bromides, bifluorides, sulfates, 
phosphates, and fluorborates. Magnesium chloride, aluminum and zirconium 
chlorohydroxide and mixtures thereof may also be used. 

! 5 Water soluble acids which function as catalysts in the present process 

include both inorganic and organic acids such as sulfamic acid, phosphoric 
acid hydrochloric acid, sulfuric acid, adipic acid, fumaric acid, citric acid, 
tartaric acid and the like may also be used. The catalysts may be used 
alone or in combination as can be readily determine by one of ordinary skill 

20 in the art. 

On heavyweight, all -rayon fabrics, or shirting fabrics, a catalyst such 
as magnesium chloride spiked with citric acid can be used, which is a 
commercially available catalyst, Freecat LF. Freecat No. 9, is another 
magnesium chloride catalyst which contains aluminum/magnesium chlor.de. 
25 These catalysts are available from Freedom Textile Chemicals. 

Catalyst LF is a particularly active or "Hot" version of the magnesium 
ohloride catalyst used in conventional formaldehyde treatment process of 
cotton and it contains magnesium chloride salt and an organic acid, such as 
citric acid to boost the acidity. Other acids may dec be used. Catalyst LF 
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was developed to cure the hard-to-react low formaldehyde resins. Oddly 
enough, one would expect that since it is more acid than Catalyst No. 9, 
(magnesium chloride only) that it would cause greater damage and more 
strength loss. This is not the case, this catalyst more often than not 
produces higher treatment and better strength. 

During the cross linking reaction at the curing stage, moisture is given 
up from the fabric as the cross linking occurs, resulting in a decrease in the 
moisture content of the fabric. In fabrics having a moisture content of 20% 
or less, this tends to lower the effectiveness of the cross linking reaction 
requiring higher concentrations of formaldehyde. In a preferred aspect of the 
present invention, moisture is given up from a high level, that is, greater than 
20%, preferably greater than 30%, e.g., from 60-100% or more, and the 
cross linking is optimized. Moisture, which is so difficult to control, is not a 
problem in the present invention. Of course, water is not allowed to be 
present in so much of an excess as to cause the catalyst to migrate on the 
fabric. 

All results reported in the following examples were obtained by the 

following standard methods: 

1. Appearance of Fabrics after Repeated Home Launderings: 

20 AATCC Test Method 1 24-1 992 

2. Tensile Strength: ASTM Test Method D-1 682-64 (Test 1 C) 

3. Tear Strength: ASTM : Test Method D-1 424-63 Falling 
Pendulum Method 

4. Shrinkage: AATCC Test Method 1 50-1 995 

5. Wrinkle Recovery of Fabrics: Recovery Angle Method: 
AATCC Test Method 66-1990 gives degrees rotation and 

AATCC Test Method 143-1992 provides the DP value. 

In determining the DP value for the fabrics, a visual comparative test 
is performed under controlled lighting conditions in which the amount of 
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wrinkles in the treated fabric is compared with the amount of wrinkles present 
on pre-wrirtkled plastic replicas. The plastic replicas have various degrees 
of wrinkles and range from a value of 1 DP for a very wrinkled fabr.o to 5.0 
DP for a flat wrinkle free fabric. The higher the DP value, the better. For a 
commercially acceptable wrinkie free fabric, a DP value of 3.5 is desired but 
rarely achieved. As would be appreciated by one of ordinary skill in the art, 
the difference between a DP of 3.50 and 3.25 is significant. A. DP 3.50 all 
wrinkles are rounded and disappearing. At DP 3.25 all wrinkles are still 
visible and show sharp creases. The goal for cdmmercial acceptance for a 
cotton fabric is a DP of 3.50 with a filling tensile strength 25 pounds and a 
filling tear strength of 24 ounces. (Prior to .his invention there was no DP 
for rayon since it could hot be treated by formaldehyde DP processes). Of 
equal or even greater importance to these properties is that .he process must 
be consistently reproducible on an industrial scale. 

Moreover, shrinkage control is very important property and DP values 
which would not be acceptable for treated cotton become acceptable for 
rayon provided that shrinkage is controlled. This shrinkage control is obtain 
on rayonfiber^ontaining fabrica by treating the rayon fiber^ntaining fabric 
with an aqueous mixture containing a high concontration of formaldehyde, 
and a catalyst capable of catalyzing the cross linking reaction between 
formaldehyde and the rayon, wherein the concentration of the fc: maldehyde 
is sufficient to produce shrinkage control of the fabric, and heat curing the 
treated fabric to produce a treated rayon fabric which does not shnnk 
substantially on aqueous washing. 

In all of the following examples a non-ionic wetting agent was used as 
is conventional to the art. The wetting agent was used in an amount of about 
0 1 % by weight. The wetting agents used in the cotton examples was an 
alkyl aryl polye.her alcohol such as Triton X-1 00. The wetting agent used 
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in the rayon examples was a trimethyl nonanolethoxylate such as Union 
Carbide Tergitol TMN6. The wetting agent is used to cause complete wetting 
by the aqueous treating solution of the fibers in the fabric. The wetting agent 
is used to cause complete wetting by the aqueous treating solution of the 

fibers in the fabric. 

All-cotton fabrics are the most difficult to treat because of the severe 
loss in tensile and tear strength caused by the treatment process. This loss 
in tensile and tear strength causes the treated fabric to be commercially 
unacceptable. The normal industry standard for tear and tensile strength for 
an all cotton shirting fabric is characterized by having a filling tensile strength 
of 25 pounds and a filling tear strength of 24 ounces. The cotton fabric must 
meet and/or exceed this standard. The test conditions are set forth in the 
table. 

In some of the tests on cotton containing fabrics, the silicone 
elastomer was the commercially available softener Sedgefleld Elastomer 
Softener ELS, which is added as an opaque white liquid which contains from 
24-26% silicone, has a P H of from 5.0-7.0 and is readily dilutable with water. 
When used in the present invention, this product produced DP values at 
catalyst concentrations of 0.8%, whereas with the Mykon HD, a catalyst 
concentration of 2.0% was required to give a DP value of 3.50 after 1 
washina and 3.25 after 5 v/ashings. 

Another silicone elastomer which was used was the commercially 
available dimethyl silicone emulsion sold by General Electric with a product 
number SM2112. This material is added as an opaque white liquid which 
contains from 24-26% silicone elastomer, has a pH of from 5.0-8.0 and is 

readily dilutable with water. 

The tensile strength with a catalyst concentration of 0.8% and tear 
strength are significantly and unexpectedly higher than the 2.0% catalyst 
required with Mykon HD to give equal DP results. Catalyst concentration of 
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, 0% ELS is recommended to ensure a margin of safety, such .hat any 
variation in treatment will be well within accepted specifications. 

Formaldehyde was in the form of an aqueous solution wh.ch was 
prepared from commercially ava.lable Formalin which is a 37% aqueous 

formaldehyde solution. 

As is conventional in the art. all percentages given in the examples 
end tables are based on the product or chemicals as receive from the 
manufacture. The percentage is weigh, percent and in most ins.anoes » 
based on .he weigh, of fabric being .rea.ed. except for .he wetting agent 
which is added as a weigh, percent of .he bathfrom which it is appl.ed. The 
following examples are being presented not as limitations bu, to illustrate and 
provide a better understanding of the invention. 

The amount of pick up of the treating solution from the bath by the 
fabric was determined by running the fabric through a padding bath 
containing onty water and then through the squeeze rollers. The we,gh, of 
a specific amount of dry fabric is determined and compared to the ame 
amount of fabric after going through the padding bath and squeeze rollers. 
This amount of pick-up is expressed as percentage pick-up. For example 
90% pick up means that the fabric picks up 90% of its original we.gh. after 
moving through the padding bath and through the squeeze rollers. 
Obviously the amount of pick-up will depend on how fast the fabnc moves 
trough the bath and the nip pressure between the rollers and the proper* 
.he fabric has for wetting, TTtese parameters may be adjusted to control h 
amountofpick-upwhichin.umcon.rols.he concentration of chemtcalstnthe 
padding bath to control the percentage of chemicals which are on the we,gh. 
of the fabric. The techniques for making these adjustments are we . known 
in the art and one of ordinary skill in the art would appreciate .ha, „ s 
necessa^ to know the amount of pick-up so that the amount of chemtcals 
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on the weight of the fabno (OWF) can be determined and .hereby oontrol the 
reaction on the fabrio and obtain the desired results. 

The foilowing examples are being presented not as limitations but to 
iUustrate and provide a better understanding of the invention. In order to 
confirm the fact that formaldehyde was being lost from the conventional 
processes, experiments were conducted in which the fabricwas heated very 
quickly by very ho, air as in the conventional processes as well as ,n 
accordance with the present invention. 

Example 1 i ... 

As indicated, it is possible to cure with a high enough temperature that 
the cross linking reaction is achieved before sufficient formaldehyde is lost 
preventing good treatment. ,n this experiment. ^<^«^™ 
was padded with formaidehyde (37%) a, a concentration o, 5.0% OWF, 0 8 
% OWF of Freecat #9 Accelerator manufactured by Freedom Text.le 
Chemicals Co. and 1 .5 % OWF of a silicone elastomeric softener, Sedgesof, 
ELS manufactured by Sedgefield Specialties, to a pickup of approximately 
60-70%. The sample was then dried and cured while under tension in an a,r 
circulating oven set at 300°F. far 10 minutes. 

Example 2 

Another sample of the same fabric as used in Examp.e 1 was padded 
with a similar solution differing only in that .he catalys. Accelerator #9 was 
1 0% OWF. Otherwise the sample was treated precisely the same. 
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samp.e of me same fabric as used in Example 1 was padded 
with a s,m,lar solution differing only in ma. .he ca.alys. Aooeiera.or #9 was 
2.0% OWF. Cha-wise .he sample was treated precisely the same. 

'""Tomer sampie of fhe same fabric as used in Example f was padded 
with a similar so,u.ion differing only in .ha. .he oa.a, y s. Accelerator #9 was 
0 4% OWF, and MyKon HD was subsli.u.ed for .he Sedgesof, ELS 
eiastomeric Softener. Otherwise .he samp.e was frea.ed precisely .he same. 

^.ersamp.eof.esamefabricasusedinExamplelwasp^ 
with a similar soluUon differing only in .ha. .he ca.alys. Accelerator^ was 
0 8% OWF and Mykon HD was subs.i.u.ed for the Sedgesof. ELS 
e.lllncsoftener.omerwise.hesamplewasfrea.edpreciselymesame. 

"Irsamp.eofthe samefabncas used in Example , was padded 
with a similar solution differing only in .ha. .he cafalys. Accelerator ■» was 
, 0% OWF and Mykon HD was subs.i.u.ed for .he Sedgesof. ELS 
e,a;;omericSoftener.O t he W ise.hesamp te was treated P recise,y.he same. 

Ither sample of me same fabric as used in Example 1 was padded 
with a similar solution differing only in that .he catalys, Accelerator N wa 
, 5% OWF. and MyKon HD was substituted for the Sedgesoft ^ ELS 
elastomencSoftener.Otherwisethesamplewastreatedprecselythesame. 
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mother sample of .he same fabric as used in Example 1 was padded 
with a sim.iar soiution differing cn,y in .ha, .he ca.alys. Accelerator #9 was 
2 0% OWF, and Mykon HD was substituted for .he Sedgesoft ELS 
, e,as.omerio Softener. O.herwise .he sample was treated precisely the same. 

Example 9 ^ ^ ^ ^ ^ « washe d in a home washer and 
tumble tried, but not treated with any oross linking prooess. 

o 

" Ir sample of.be same fabrio served as an unfreated, unwashed 

COntr0 ' l , is dear in Table No. I .ha. samples .reated with the elastomerio 
, 5 softener produced higher degrees of durable press .nan any of the samples 
Seated 1 Mykon HD. Tensile S,eng.hs are similar as is shrinkage for 

each deqree of treatment. 

,n another experiment, .he resul.s shown in Table No. n. samples o 

,00* cotton oxford shirting were padded with two ° 
20 f on.a l dehyde3.0and5.0 % OWF.eac,concen,a l ionalso,ea,e w h ee 

concentrations of Acceiera.or *9 Ca.alyst. C.8, 1.0, and 2.0% In one ha, 
of me samp,es, Sedgesoft ELS was applied and in .he other Myko HO 
was used as .he softener. Bo.h softeners were applied a. 1 .5% OWR Ear* 
of me samples were padded with the respective so.u.ions show, in Tab.e Na 
25 „ then cured a. 300'F. for 10 minu.es under tension. All samples were 
treated in precisely .he same way, in.erva,s were timed. 

„ is clearly seen in Table II (Example 11 to Example 22 and the 
control, .hat after 5 washes, .he Sedgesoft ELS samples have almost <w,ce 
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the tear strength of the Mykon HD samples without exception. In addition, 
again seen, the DP values are higher indicating better smoothness. 

Example 23 

Four samples of a rayon Challis fabric measuring 1 8 x 36 inches were 
padded with a treatment solution and run through squeeze rollers to provide 
the amount of treatment chemicals as indicated in the Table I. The treated 
fabric was applied to a pin frame and cured in an oven at the temperatures 
indicated The pinned fabric was removed from the oven and then from the 
pin frame. The physical properties of the treated fabric were measured and 
recorded and are shown in TABLE III. 

It is clear from Table III that increasing the amount of formaldehyde 
on the weight of the fabric (OWF) improves the DP value but reduces the 
strength of the fabric. This is also true with respect to the amount of 
shrinkage and the results show an entirely unexpected combination of DP 
and reduction in shrinkage. 

Example 24 

Samples were prepared as in example 23 but from a rayon flax fabric 
with the necessary amounts of chemicals to provide the OWF values shown 
in Table IV. The curing temperature is 300 degrees and the dwell t.me was 
varied. The results are shown in TABLE IV. 

Example 25 

Lenzing Lyocell rayon fabric was treated in accordance with the 
process of example 1 to provide the amounts of chemicals OWF as indicated 
in Table V. Table V shows the effectiveness of the process on Lyocell 
rayon. 
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Example 26 

A rayon and acetate fabric was treated in accordance with the process 
of examp.e 23 to provide the amounts of chemicais OWF as indicated in 
Table VI Table VI shows the effectiveness of the process on rayon acetate 



fabrics. 
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Example 27 

A 50/50 rayon/polyester fabric was treated in accordance w.th the 
process of example 23 to provide the amounts of chemica.s OWF as 
indicated in Table VII. Table VI. shows the effectiveness of the process on 
rayon/polyester fabrics. 

This example showsthe effect on a 50/50 polyester/rayonfabricwhich 
previously could no. be sell as a washable fabrio. These fabrics are not an 
intimate blend of rayon and polyesterfibers, but woven such that some of .he 
areas are 100% polyester and other are 100% rayon. The rayon shrinks on 
water washing, the polyester does not. The difference in this shrinkage of 
the two fibers causes severe puckering of the fabric, making it resemble a 
waffle. This fabric is normally sold as a -drycleanable- fabric but when 
treated in accordance with the present process results in a new product 
which will be washable. 
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Example 28 

A rayon and flax (85/15) fabric was treated in accordance with the 
process of example 23 to provide the amounts of chemicals OWF as 
indicated in Table MIL Table VIII shows the effectiveness of different 
embodiments of the process on a rayon containing fabno. 

The results in the table shows the effectiveness of the process us.ng 
oniy formaldehyde and catalyst to achieve results which surpasses the 
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industry strength standards and produces a DP value of 3.5 which would be 

acceptable to the industry. 

The results in the table show that on rayon containing fabrics, run with 
only formaldehyde and catalyst, achieve a fabric which surpasses the 
industry strength standards, and produces a DP value of 3.5. This fabric 
would be acceptable to the industry. 

The table also shows that when silicone elastomer is added to the 
formaldehyde and catalyst, considerably higher strengths are realized and 

a DP of 4.00 is obtained. 

Adding urea alone to the formaldehyde and catalyst results in higher 
tensile strength, but lower tear strength than obtained with the silicone, as 
would be expected as the urea makes the fabric somewhat stiffen The 
results, however, are better than with the formaldehyde and catalyst alone. 
DP is not improved by the addition of urea. 

In a preferred embodiment, formaldehyde, catalyst, silicone SM21 12 
and urea are used in the mix, the overall best results are obtained with both 
tensile and tear strength indicating a possible synergistic effect with the 
silicone and the urea. The DP is again boosted to 4.00 by the presence of 
the silicone. 

Shrinkage was remarkably constant throughout all samples, showing 

extensions of approximately the same magnitude as compared to shrinkage 
of 6.42% on the untreated control. 

Example 29 

Two rayon fabrics were tested by pressing in the hot head press at 
350 degrees F fori 5 seconds. This pressing caused a severe shine in both 
fabrics but it was more noticeable in the black butcher linen. Pressing after 
these fabrics had been treated with the process of the present invention 
produced no noticeable shine as summarized in the following table. 
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TABLE IX 

Property for Glaz.ng Rayon Fabrics by Pressing. 



Fabric/Color 



Untreated 
Unpressed 



Untreated 
Pressed 



Rayon Twill/White Slight Shine* High Shine 



Rayon Linen/Black No Shine 



High Shine 



Treated 
Pressed 

Slight Shine 

No Shine 



The slight shine in the criginai fabric is due to the bright rayon fibers 
used. The pressing did, however increase the shine, but the treatment of me 
present invention did no. show the increased shine, and looked like the 

original fabric. . 

I, is clear that treatment in accordance with the present .nventidn 
either retards shining by pressing, or eiiminates it altogether. Shining is a 
serious probiem with rayon fabric* no, only by the consumer but ,n the 
processing mil, where glazed spots appear wherever the fabnc touches ho. 

meta '' Rayon fibers exhibit molecular movement when under heat and 
pressure, thus deforming the fibers, making flat spots. If enough fat spots 
are produced, .he fiber begins .0 ac. like a mirror and instead of reflecting 
, igh . in a„ directions i. makes .he light reflect in one direction, causing a 
bright -shine". I. severe enough, as in the case of .he black fabnc, a total 

change of shade occurs. 

The process of the present invention, with its molecular cross l.nk.ng 
abilities renders the molecular structure rigid, so .ha, when the fabnc ,s 
pressed, ,he molecules canno, move, thus no flat spots are produced, and 
the fabric look the same as the original unpressed fabric. 
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This property is extremely valuable, as rayon pressing shine has 
been a problem since rayon appeared on the market in the late 1920's or 
1 930's. One might surmise that with the extensive cross linking furnished by 
the process of the present invention that the Non-Shine effect would be far 
5 better than can be obtained with resins, where much of the smoothness 
comes from the presence of resin in the largely amorphous rayon fiber. That 
is why rayon fabrics which are washed, and loose the resins, shine badly 
when pressed by hand iron. 

The following examples illustrate the application of the process to 

1 o fabrics made of silk or wool. 



Example 30 

Three samples of a wool Challis fabric and one sample of a silk fabric 
measuring 18 x 36 inches were padded with a treatment solution and run 

1 5 through squeeze rollers to provide the amount of treatment chemicals as 
indicated in the Table X. The treated fabric was applied to a pin frame and 
cured in an oven at the temperatures indicated. The pinned fabric was 
removed from the oven and then from the pin frame. The physical properties 
of the treated fabric were measured and recorded and are shown in TABLE 

20 X. 

It is clear from Table X that increasing the amount of formaldehyde 
on the weight of the fabric (OWF) improves the DP value but reduces the 
strength of the fabric. This is also true with respect to the amount of 
shrinkage and the results show an entirely unexpected combination of DP 
25 and reduction in shrinkage. 
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